INTRODUCTION
During practical structural design, energy efficiency has an increasing role. In building energy and fire resistance calculations it is essential to know the thermal properties of components. In building energy calculations, thermal conductivity values from MSZ EN ISO 10456:2008 [1] are mainly used, although the standard defines concrete's values only by taking into account the density and the approximate percentage of reinforcement, and the standard does not mention the properties of steel fibre reinforced concretes. In this research, we have measured the thermal properties of these materials including different designed reinforcements, and using variable amount of steel fibre. Results shows, that depending on the structure type, design and the amount of steel rebar or steel fibre content, there is a difference in the structure's equivalent thermal conductivity. 
МЕЂУНАРОДНА КОНФЕРЕНЦИЈА

LITERATURE REVIEW
Several literatures can be found in the topic of thermal properties of concretes, but these are mostly about the effect of type and amount of aggregates [2] [3] [4] or the effect of elevated temperatures [5, 6] . Analysing the reinforced concretes, it is visible, that the correlation between the bulk density and the thermal conductivity are fundamental, such as the relation between concrete's porosity and thermal properties. High density concretes and fibre reinforced concretes have thermal conductivity between 2.0 -3.2 W/mK at standard temperature according to several researches [3, 7] . Some of these indicates, that increasing the amount of steel fibres used in concrete results always higher thermal conductivity [8] . These studies neglect the fact that the increased fibre content can increase the total porosity of the specimen as well [9] , and it could result lower thermal conductivity values. In building energy calculations, a large number of experts are using withdrawn standards, e.g. MSZ 140/04-2:1991 [10] . The values of Table 1 show the main problem with this practice, we can find different values on thermal properties of concrete and reinforced concrete, and this difference is quite significant. . Ageing conversion factor Fa is set to 1.0 by both the standard and the experts as well in the absence of detailed investigations of materials' ageing behaviour. In Eurocode, the thermal conductivity of concrete and steel are given by the function of temperature (Fig. 1) . The thermal conductivity of concrete should be between an upper and lower limit according to EN 1992-1-2:2013 [11] , showed in eq.4 and eq.5, where θ is the temperature of concrete in centigrade: 
CONCRETE SPECIMENS
In the recent years, we tested different concrete and reinforced concrete samples in our laboratory of building physics [15] [16] [17] [18] . In this paper, we introduce the results of steel fibre reinforced and reduced aspect ratio reinforced concrete slab experiments. For laboratory measurements of thermal conductivity of concrete slabs, we have made different specimens. For the reinforced concrete, we have performed a 1:2 scale miniature element of slabs with different diameters of bars. For the steel fibre reinforced concrete Humix 50 cold formed steel fibres were used with different amount (20 kg/m 3 -27.5 kg/m 3 -35 kg/m 3 ). Each concrete mixture was distributed to six standard 15x15x15 cm cubes and three 20x20x10 cm cuboids because of the capability of our Taurus TLP 300 DTX thermal conductivity measuring device. We have designed the reinforced slabs with 4 mm, 5 mm, and 6 mm reinforcement bar diameter, according to the reduced aspect ratio the maximum ratio of the additive grain size was halved (dmax,original = 16 mm, while dmax,reduced = 8 mm). The specimens made for thermal conductivity measurements were stored in water for 7 days, then stored in a temperature and humidity conditioning chamber at 23 °C and 50 %RH. 
THERMAL CONDUCTIVITY MEASUREMENT
The steel fibre reinforced specimens were tested once after the conditioning with still moist samples and once after one year of storing them in laboratory conditions, therefore the specimens dried out naturally. The reinforced samples were measured after their conditioning phase, but the samples were dried out artificially before the measurements. Thermal conductivity was measured using a Taurus TLP 300 DTX guarded hot plate instrument (see Fig. 2 .) according to MSZ EN 12664:2001 [19] . Before the thermal conductivity measurement, the hardened concrete's density was measured according to MSZ EN 12390-7:2009 [20] . During measurements, laboratory air temperature was set to 23 ± 2 °C and the relative humidity was between 45 -55 %RH. The specimens were framed using 10 cm thick EPS foam stocks, ensuring that the temperature or humidity in the lab do not affect the results of the measurements and in the specimens measured intermediate 10x10 cm area, one-dimensional steady state heat flow can develop during all three measured temperature stages. The stages were set to 5/15 °C, 15/25 °C and 25/35 °C and the tests ended when relative error in thermal conductivity was under 0.2 %. The results are given in Table 4 . standard values, but we should highlight that the density of concrete, the concrete mixture or the porosity can greatly influence the thermal conductivity.
THERMAL DIFFUSIVITY
Besides the thermal conductivity measurements, we measured the specimens' bulk density [20] and specific heat capacity using mixing calorimetry [15] . From these properties, thermal difussivity can be calculated using eq. 8:
Thermal diffusivity measures the rate of heat transfer in a material, and is mandatory to know for transient heat transfer calculations, such as calculating the reinforced concrete structure's momentary temperatures in fire resistance design. Concrete and steel thermal diffusivity is shown in figure 3 . calculated from Eurocode material properties between 20 °C to 1200 °C. The functions of the concrete shows lower and upper limit of thermal diffusivity of concrete, depending on it's mass by mass moisture content (u%).
Figure 3. Thermal diffusivity of concrete and steel according to Eurocode
Our measured values are summarized in 
NUMERICAL SIMULATIONS
In case of 3D simulations two different methods were carried out. Our first target was to model and predict the thermal conductivity of concretes with different amount of randomly oriented steel fibres in it. To determine the average content of the mixtures, 50 randomly chosen steel fibres weighted with an average of 0.304 g. After modelling the steel fibre itself (see Fig. 4 .), we have multiplied and placed them randomly oriented according that the S20 mixture steel fibre content was 264 pieces; for the S27.5 mixture, 362 pieces and for the S35 mixture 461 pieces of steel fibres were needed. n reality, the actual volume of steel fibres in a specimen may be different compared to the above, depending on the concreting process. In the simulation, 5 different randomly oriented models were made for each mixture. The thermal conductivity of steel fibres was set to 55 W/mK and the equivalent thermal conductivity of concrete was iterated and chosen to get the measured thermal conductivities of each sample. Therefore, the simulation was calibrated by the concrete's thermal conductivity.
The boundary conditions were 20 °C and 0 °C on sides without surface resistance. After retrieving heat flows from the surface, the thermal conductivity of the sample was calculated. In case of reinforced concrete, the thermal conductivity of concrete was set to 2 W/mK and 60,5 W/mK was used for structural steel. The boundary conditions were 15 °C and 5 °C on the opposite sides of the modelled specimens. Running this type of simulation demands high computing power, therefore we had to make some simplifications in the model (Fig. 5.) . One of this was the geometric simplification of the reinforcing bars, in which we studied the replacement geometry of the real reinforcing steel bars according to MSZ EN 10080:2005 [21] in the case of octagonal-based prism. Models with this octagonal-based prism showed less than 1% difference, however both FE mesh and running time is reduced dramatically thank to the simplification. In addition, we have studied the case of leaving out the rebar spacers (stays) from the slabs, which can save significant calculation time too. The tests demonstrated (Fig. 6. ) that in the case of neglecting stays, the heat fluxes on the boundaries does not affected significantly, the difference is less than 1.5%, but only if at least 10 mm concrete covering was used. The Eurocode recommends to apply at least 25 mm concrete coverings on slabs, therefore this simplification will not affect the results, the concrete cover is practically isolate the stays from the external environment.
Figure 6. The effects of rebar spacers: a) FE mesh, b) temperature distribution, c) heat flux densities in steel reinforcement bars and stays
We have designed six different 6 m x 6 m x 0.2 m roof slab parts using different diameters (8 mm, 10 mm and 12 mm) for the reinforcement bars. After evaluating of results, we stated that in the case of slabs, the distribution of the rebars are not alternate significantly the thermal conductivity of the concrete slab. In any case, the difference between the heat fluxes was below 2%. However, we can see connection between the placed amount of reinforcement bars and the heat fluxes, even if the difference is insignificant. Solid reinforced concrete slabs can be modelled using concrete's thermal properties only.
SUMMARY
We reviewed European Standards on thermal conductivities of concrete, reinforced concrete and steel, and this paper shows that there is substantive difference between the measured thermal conductivities and the standard's values. In case of steel fibre reinforced concretes increasing the amount of steel fibre does not necessarily increase the thermal conductivity. Using numerical simulations, we could model the thermal conductivity values with any amount of fibres or reinforcement bars in a specified range. Reinforced concrete slabs can be modelled using only the concrete's thermophysical properties if the mandatory minimum concrete covering is applied.
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